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Abstract: Biomass gasification has yet to obtain industrial acceptance. The high residual 
tar concentrations in syngas prevent any ambitious utilization. In this paper a novel gas 
purification technology based on catalytic hydrocracking is introduced, whereby most of 
the tarry components can be converted and removed. Pilot scale experiments were carried 
out with an updraft gasifier. The hydrocracking catalyst was palladium (Pd). The results 
show the dominant role of temperature and flow rate. At a constant flow rate of 20 Nm3/h 
and temperatures of 500 °C, 600 °C and 700 °C the tar conversion rates reached 44.9%, 
78.1% and 92.3%, respectively. These results could be increased up to 98.6% and 99.3% 
by using an operating temperature of 700 °C and lower flow rates of 15 Nm3/h and  
10 Nm3/h. The syngas quality after the purification process at 700 °C/10 Nm3/h is 
acceptable for inner combustion (IC) gas engine utilization. 
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1. Introduction 

Biomass such as forest, agricultural and organic processing residues can be converted into 
commercial products via thermo-chemical processes [1–5]. Biomass contributes ca. 14% of energy 
supply around the World, while in some developed countries, its contribution ranges from 40% to  
50% [5]. Because of its renewability, biomass is considered to be one of major potential energy 
sources in the future [6–8]. Over the last two decades, special attention has been paid to the conversion 
of residual biomasses and renewable materials into fuels for power machines [9–11]. Energy in 
biomass comes from solar energy. Biological conversion of low-value lignocelluloses biomass still 
faces challenges of low economy and efficiency [1]. The characteristic of biomass is its huge amount 
and relative low energy content, which make any long distance transportation of biomasses to be 
uneconomical. Combustion, pyrolysis and gasification are three main thermo-chemical conversion 
methods used for biomass, which is traditionally combusted to supply heat and power for the process 
industry. The net efficiency for electricity generation from biomass combustion is usually low, ranging 
from 20% to 40% [2]. The amount of biomass co-fired in existing combustors is usually limited to  
5–10% of the total feedstock due to the concerns about plugging of the existing coal feed systems [3]. 
Pyrolysis converts biomass to bio-oil in the absence of oxygen. The limited uses and difficulty  
in downstream processing of bio-oil have restricted the wide application of biomass pyrolysis  
technology [4]. Besides the above mentioned thermo-chemical processes, gasification of biomass and 
its residues is a promising technology now and in the future. Gasification converts biomass through 
partial oxidation into a gaseous mixture of syngas (synthesis gas) consisting of hydrogen (10–20%), 
carbon monoxide (15–30%), methane (2–4.5%), carbon dioxide (5–15%), nitrogen (45–60%) and 
water vapour (6–8%). In recent years biomass gasification has attracted huge interest by producing 
syngas which can be easily transported and utilized in different power facilities [12,13]. Biomass 
gasification converts the intrinsic chemical energy in the biomass into combustible gas. The produced 
syngas can be standardized in its quality and it is easier and more versatile to use than the original 
biomass e.g., it can be used for inner combustion (IC) gas engines and gas turbines, or used as a 
chemical feedstock to produce liquid fuels and chemicals [14]. 

The state of the art for gasification is the fixed bed gasifier with updraft and downdraft 
operation [15]. Biomass snygas contains high concentrations of tarry compounds and particles, which 
must be purified before its utilization. The tars consist of a range of oxygenated hydrocarbons and  
hydro-carbons, typically containing aromatic, polyaromatic, and furanic backbone structures, with 
aliphatic and oxygenated functional groups (acids, aldehydes, ketones, and alcohols) attached to the 
backbone [16]. These tars are notorious for condensing and subsequently polymerizing on downstream 
equipment such as compressors and IC gas engine surfaces if the gas is sufficiently cooled [8,16]. The 
common facility for syngas utilization in Germany is the IC gas cogeneration engine [17]. Its 
specification is an equivalent tar concentration lower than 50 mg/Nm3. This value can only be 
achieved by enhanced gas purification, since the typical tar concentrations in syngas are always  
0.1–6 g/Nm3 for downdraft gasifiers and 10–100 g/Nm3 for updraft gasifiers [17,18]. 

Gas purification can be done by dry or wet processes. Cooling down below the dew point of the 
gaseous by products leads to condensates, mostly tar, which adheres to all inner surfaces of the system. 
A side effect of this process is an effective removal of dust particles. Wet systems are mainly 
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absorption based processes where a solvent dissolves the tar products. The process is carried out in 
scrubber systems with parallel mist elimination [15]. Both techniques have the same inevitable 
disadvantages: recovery of solvent and preparation boost cost. Tar condensates and eluant must be 
treated in order to avoid contamination. 

This research work is an experimental feasibility study for a catalytic hydrocracking of tar  
by-products, including an increase of the calorific value of biomass syngas. Fuel feed is woody 
biomass. Palladium (Pa) is the catalyst for tar cracking and conversion. All processes are implemented 
in a reactor downstream of an updraft gasifier. Experiments and measurements are focused on the 
effects of catalyst temperatures and syngas flow rates. Sampling is done from raw gas and from gas 
after treatment. Samples are analyzed by flash-evaporation gas chromatography. The results show the 
efficiency of tar removal and conversion and an increase of high caloric value (HCV).  

2. Catalytic Hydrocracking 

Catalytic hydrocracking has been applied in oil refineries for several decades. Basically, the  
catalytic hydrocracking process cracks the high-boiling, high molecular weight oxygenates, phenolics, 
ethers, polyaromatic hydrocarbons (PAH) and large PAHs into lower-boiling, lower molecular weight 
olefinic and aromatic hydrocarbons and then hydrogenates them [19]; the high-boiling, high molecular 
weight paraffinic hydrocarbons can also be cracked into lower-boiling, lower molecular weight 
paraffinic hydrocarbons [20]. By using the catalytic hydrocracking process the tar levels in biomass 
syngas can be significantly reduced and partly converted into additional fuels for power machines, 
since the decomposition processes of tar are similar to those of crude oil refining [15,21]. Any sulfur, 
nitrogen and oxygen present in the hydrocracking feedstock are also hydrogenated to a large extent and 
form gaseous hydrogen sulfide (H2S), ammonia (NH3) and water vapor, which are subsequently 
removed. The result is that the hydrocracking products are essentially free of sulfur and nitrogen 
impurities and consist mostly of paraffinic and naphthenic hydrocarbons. For example during the 
hydrocracking process hydrodecyclization and monoaromatics hydrogenation reactions will take place, 
like [20,22,23]:  

 

(1)

Hydrodesulphurization and hydrodenitrogenation reactions will also the take place, like:  

 

(2)

also the hydrodeoxygenation reaction will take place, like: 

 
(3)
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and the hydrocracking of paraffinic hydrocarbons will also take place:  

2 2 2 2 2 2 2 ( )n n a a b bC H H C H C H a b n+ + ++ → + + =  (4)

Generally, the hydrocracking conversion process is exothermic. The hydrogen which is consumed 
through by hydrocracking is produced by the carbon steam reaction and water – gas shift reaction 
during the gasification process [17]:  

kJ/mol131.3ΔH 298K22 =+=+ HCOOHC  (5)

kJ/mol41ΔH298K222 −=+=+ HCOOHCO  (6)

Therefore there is no need for additional hydrogen. 

3. Experimental Setup 

3.1. Fuel for Gasification 

The source material for our gasification experiments was a mixture of shredded woody biomass like 
limbs, wood pieces, bark, pine balls and other cut grove (Figure 1a). It was pre-dried in the open air to 
reduce wood moisture. The main components are carbon (C), hydrogen (H), oxygen (O), and nitrogen 
(O) of varying concentration, according to its type and location of collection. The average calorific 
value is about 16.6 kJ/g. The average moisture content is about 8.9 %.  

Figure 1. (a) Biomass fuel for gasification; and (b) Updraft gasifier. 

 

3.2. Facilities and Equipment 

Gasification was carried out in an updraft gasifier of the IUTA Institute. Its thermal output is about 
100 kW (Figure 1b). The working flow chart shown in Figure 2 [15] should be self-explanatory. The 
whole facility was controlled by SPS and WinCC systems. As shown in Figure 2, three Ni/Cr–Ni/Si 
thermocouples were installed inside the gasifier and nine thermocouples were installed on the wall of 
gasifier for temperature measurements. Gas concentrations in raw gas (4) and purified gas (5) were 
analyzed online by non-dispersive infrared sensors (NDIR) and a thermal conductivity detector (TCD) 
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which could be switched between (4) and (5). The components measured were CO, CO2, H2, CH4 and 
O2. Sampling process is described in Section 4. 

Figure 2. Flow chart of the updraft gasifier. 

 

3.3. Catalyst and Catalytic Reactor 

The syngas taken off at the top of the reactor showed quite high tar concentrations, but low dust 
acceptable for catalytic hydrocracking. The catalyst for this reaction is made from stainless steel 
turnings arising as waste during machining in industry. The turnings are in the range of 5 to 10 mm 
(Figure 3a) and were electrochemically plated with palladium (Pd).  

Reactor dimensions are 200 mm diameter and total height 1,100 mm, the length of the catalyst bed 
is 500 mm. The catalyst capacity is 20 liters or about 20 kg of turnings with a load of 10 g Pd. The 
reactor was equipped with electrical heating systems inside (heater rods 3 × 1.2 kW) and outside 
(heating tapes 2 × 2 kW). The design is shown in Figure 3c. 

The hydrocracking process was carried out at low syngas pressures of −10 to −20 mbar. This is in 
contrast to hydrocracking processes in oil refinery where high pressures up to 200 bar are applied to 
shift the Boudouard reaction and hydrocarbon decomposition reactions in order to lower soot 
formation [19,24]. In this research, we experienced soot formation which accumulates on the surface 
of the turnings (Figure 3b) causing catalyst deactivation. To reactivate it the catalyst reactor can be 
also operated as an oxidation reactor. The soot was oxidized by air forming CO2. For this process the 
reactor was switched to a secondary circuit. To achieve continuous operation two reactors are provided. 
During the experiments each reactor had 15 to 20 min of operation and 10 min for reactivation. 
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Figure 3. (a) Catalyst pieces; (b) Deactivated catalyst; and (c) Reactor for catalytic 
hydrocracking. 

 

As shown in Figure 3c, during hydroracking process the “Air input” and “Air output” valves were 
closed and syngas entered the reactor through “Gas Input”, where it came into contact with the heated 
catalysts and finally flew out of the reactor through “Gas output”. During the catalyst reactivation 
process the “Gas Input” and “Gas output” valves were closed and air with a pressure of about 4 bar 
was fed into the reactor through “Air Input”; then the air consumed the soot on the surface of the 
splinters and then flew out of the reactor through “Air output” as exhaust gas.  

4. Sampling and Analysis 

4.1. Sampling of Tar in Syngas 

Gas samples were taken simultaneously from the raw gas before entering the catalyst reactor and 
from purified gas leaving the reactor, as shown in Figure 4. The sampling procedure was the same for 
both. Each line consists of the absorption unit and the facility for measuring the volume flow. Three 
absorption traps were provided in line with 225 mL tetrahydrofuran (THF) as absorption fluid  
(75 mL/trap). The traps were cooled down to −20 °C by a cryogenic bath of ice/NaCl avoiding 
vaporization of THF. The sampling process is shown in Figure 4. 
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Figure 4. Sampling processes of syngas before and after hydrocracking. 

 

4.2. Analysis of Tar Samples 

The samples were analyzed for tar components by simulated distillation and flash-evaporation  
gas-chromatography (FE-GC). Evaporation and detector temperature were 450 °C. The GC column 
was operated from 50 °C up to 450 °C. The boiling points of hydrocarbons in purified syngas range 
from 40 to 440 °C depending on their molecular weights. Hence the distillation process for this study 
was split into 23 segments for molecular weights from C7 to C29 (Table 1) [14]. 

Table 1. Distillation fractions and their corresponding molecule weights (as C–number). 

Distillation 
Fractions 

Molecular 
Weights 

Boiling Points (°C) 
Distillation 
Fractions 

Molecular 
Weights 

Boiling 
Points (°C) 

D01 <C7 ≤98 D13 C19 
>317 
≤330 

D02 C8 
>98 
≤126 

D14 C20 
>330 
≤342.7 

D03 C9 
>126 
≤151 

D15 C21 
>342.7 
≤356.5 

D04 C10 
>151 
≤174 

D16 C22 
>356.5 
≤367 

D05 C11 
>174 
≤196 

D17 C23 
>367 
≤380 

D06 C12 
>196 
≤217 

D18 C24 
>380 
≤391.3 

D07 C13 
>217 
≤234 

D19 C25 
>391.3 
≤401.9 

D08 C14 
>234 
≤253 

D20 C26 
>401.9 
≤412.2 

D09 C15 
>253 
≤270 

D21 C27 
>412.2 
≤442 
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Table 1. Cont. 

Distillation 
Fractions 

Molecular 
Weights 

Boiling Points (°C) 
Distillation 
Fractions 

Molecular 
Weights 

Boiling 
Points (°C) 

D10 C16 
>270 
≤287 

D22 C28 
>442 
≤431.6 

D11 C17 
>287 
≤302 

D23 C29 
>431.6 
≤440.8 

D12 C18 
>302 
≤317 

   

For the chromatic evaluation peak areas were used and tar concentrations according to the tar 
distillation fractions in both raw and purified syngas assigned. 

4.3. Tarry Impurities in IC Engines 

Undesired tarry compounds in IC engines have boiling points higher than 200 °C. Hydrocarbons 
whose boiling points are lower than 200 °C contribute as additional fuels, thus increasing the calorific 
value of syngas. Hence the tar distillation fractions D01–D05 are not considered to be impurities. The 
actual tar in purified gas is represented by all the compounds within the considered distillation 
fractions from D06 to D23.  

5. Results and Discussion 

5.1. Results for Different Temperatures at a Fixed Flow Rate of 20 Nm³/h 

These experiments were carried out at gasification temperatures from 900 to 950 °C. The syngas 
temperature at the outlet was 200 to 300 °C. The fuel input was controlled keep the stoichiometric  
air ratio λ in the range of 0.15 to 0.2. Under these conditions the main composition of raw gas was:  

CO 18–23%,  
CH4 3–12%,  
H2 8–10%,  
CO2 7–11%. 

Additionally nitrogen and traces of oxygen were present. The tar concentration varied from 10 to  
25 g/Nm3. In order to find the appropriate operation temperature of the catalytic reactor screening 
experiments were carried out [19]. This was done at 500, 600 and 700 °C under a constant flow rate of 
20 Nm3/h. Hydrocracking processes were not started until the gasifier had reached a stable state (about 
120 min). Sampling started 30 s later after the snygas had entered the reactor with a constant flow rate 
of 2.5 L/min over a period of about 13 min. The results for the conversion of tarry compounds are 
given in Table 2.  

As can be seen, the fractions D15–D23 were not found either in raw or in purified gas. We have to 
look for fractions D06–D14. The overall tar conversion increased with catalyst temperature from 
44.9% to 78.1% and 92.3%. The overall tar concentrations then were about 1.4 g/Nm3 at 500 °C,  
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0.8 g/Nm3 at 600 °C and 0.3 g/Nm3 at 700 °C and these reductions of tar were not yet low enough for 
use in IC engine.  

Table 2. Conversion of tarry compounds under flow rate of 20 Nm³/h. 

Distillation 
fractions 

Boiling 
Points 
(°C) 

Tar concentration in both raw and purified gas (g/Nm3) 
1st Experiment (500 °C) 2nd Experiment (600 °C) 3rd Experiment (700 °C) 
Raw gas Purified gas Raw gas Purified gas Raw gas Purified gas 

D01 ≤98 6.134 5.146 7.891 4.301 7.516 1.581 

D02 >98 
≤126 

1.3 0.42 2.712 0.618 4.407 0.292 

D03 >126 
≤151 

0.547 0.171 2.035 0.498 2.912 0.583 

D04 >151 
≤174 

0.523 0.223 1.084 0.338 1.708 0.273 

D05 >174 
≤196 

0.534 0.118 1.155 0.196 1.018 0.175 

D06 >196 
≤217 

0.258 0.253 1.000 0.126 1.116 0.131 

D07 >217 
≤234 

0.453 0.153 1.071 0.167 0,886 0.049 

D08 >234 
≤253 

0.144 0.102 0.552 0.058 0.860 0.048 

D09 >253 
≤270 

0.089 0.040 0.348 0.021 0.194 0.032 

D10 >270 
≤287 

1.118 0.878 0.473 0.415 0.311 0.014 

D11 >287 
≤302 

0.004 0.006 0.078 No trace 0.137 0.004 

D12 >302 
≤317 

0.009 No trace 0.031 No trace 0.089 No trace 

D13 >317 
≤330 

No trace No trace 0.019 No trace 0.018 No trace 

D14 >330 
≤342.7 

No trace No trace 0.017 No trace 0.004 No trace 

Total - 10.87 7.75 18.47 6.738 21.18 3.18 
Tar in gas 

engine 
D06–D23  

- 2.075 1.432 3.598 0.787 3.615 0.278 

Conversion 
D06–D23 

- 44.9% 78.1% 92.3% 

 
5.2. Variation of Flow Rate at Operation Temperature 700 °C 

Another factor which can affect tar conversion is the syngas flow rate, which determines the extent 
of contact between catalysts and tarry compounds. Lowering the flow rate and increasing the residence 
time in the reactor is one method to enhance the conversion effect. At the same operating temperature 
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of 700 °C as in the last experiment before, the tar concentration in purified gas had been reduced to 
0.278 g/Nm3, which was better than the conversions at 500 °C and 600 °C. Hence the flow rate was 
reduced from 20 to 15 and further to 10 Nm3/h at 700 °C. The hydrocracking processes were not started 
until the gasifier had reached a stable state (about 150 min). Sampling started 30 s later after the snygas 
had entered the reactor with constant flow rate of 2.5 L/min over periods of about 14.5 min and  
11.5 min respectively. The results for the conversion of tarry compounds are given in Table 3.  

Table 3. Conversion of tarry compounds at catalyst bed temperature of 700 °C. 

Distillation 
fractions 

Boiling 
Points 
(°C) 

Tar concentration in both raw and purified gas (g/Nm3) 
3rd Experiment  

(20 Nm3/h) 
4th Experiment  

(15 Nm3/h) 
5th Experiment  

(10 Nm3/h) 
Raw gas Purified gas Raw gas Purified gas Raw gas Purified gas 

D01 ≤98 7.516 1.581 6.712 1.845 6.171 1.310 

D02 
>98 
≤126 4.407 0.292 1.528 0.854 2.027 0.717 

D03 
>126 
≤151 

2.912 0.583 2.359 0.190 2.053 0.217 

D04 
>151 
≤174 

1.708 0.273 1.742 0.152 1.620 0.177 

D05 
>174 
≤196 1.018 0.175 1.600 0.172 1.301 0.159 

D06 
>196 
≤217 

1.116 0.131 1.115 0.014 1.091 0.003 

D07 
>217 
≤234 

0,886 0.049 1.123 0.038 0.775 0.026 

D08 
>234 
≤253 0.860 0.048 1.213 0.015 0.976 No trace 

D09 
>253 
≤270 

0.194 0.032 0.643 No trace 0.547 No trace 

D10 
>270 
≤287 

0.311 0.014 0.359 No trace 0.284 No trace 

D11 
>287 
≤302 0.137 0.004 0.275 No trace 0.143 No trace 

D12 
>302 
≤317 

0.089 No trace 0.218 No trace 0.108 No trace 

D13 
>317 
≤330 

0.018 No trace 0.060 No trace 0.223 No trace 

D14 
>330 
≤342.7 0.004 No trace 0.012 No trace 0.008 No trace 

D15 
>342.7 
≤356.5 

No trace No trace 0.021 No trace No trace No trace 

Total - 21.18 3.18 18.98 3.28 16.86 2.61 
Tar in gas 

engine 
D06–D23 

- 3.615 0.278 5.039 0.067 4.155 0.029 

Conversion 
D06–D23 

- 92.3% 98.6% 99.3% 



Energies 2011, 4                            
 

 

1173

The results with nearly the same experimental conditions are shown in Table 3. The first set of data 
is taken from Table 2 to facilitate comparison. As can be seen the conversion could be enhanced to 
over 98.6% and 99.3% at reduced flow rates of 15 Nm3/h and 10 Nm3/h, respectively. In the last 
experiment the overall tar concentration was 29 mg/Nm3 and less than the goal of 50 mg/Nm3. Notable 
is the fact that here the fractions D08 to D14 were totally removed and converted. According to the 
results of the last experiment, the tar concentration in purified syngas was already suitable for IC gas 
engine use.  

5.3. Discussion of the Results 

The operation temperature of the catalytic reactor was an important parameter for tar conversion. In 
the experiment at the operation temperature at 700 °C, syngas flow rates turned to be the determining 
factor. Therefore the affects of syngas flow rates were investigated by measuring the temperatures in 
catalyst bed and syngas. Three Ni/Cr–Ni/Si thermocouples were installed at the top, middle and 
bottom of the catalyst reactor measuring the temperature of raw gas at the entrance, the temperature in 
the middle of catalyst bed and the temperature of purified gas at the exit, respectively. The deviation of 
Ni/Cr–Ni/Si thermocouples was about ±7.5 °C. Figure 5 shows the temperature profiles for the applied 
flow rates of 20, 15, and 10 Nm3/h.  

The first diagram (Figure 5a) demonstrates a dramatic drop of catalyst bed temperature from 700 to 
200 °C, nearly equal to the temperature of raw gas. The course of purified gas rose first to 420 °C, 
dropped to 230 °C and rose again. This behavior is typical for unsteady flow states between laminar 
and turbulent flow within the reactor influencing heat and mass transfer. It meant that under the flow 
rate of 20 Nm3/h, most of the heat from the heating elements was transported by syngas and this 
resulted in the observed temperature drop of the catalyst bed as well as the temperature rise of the 
purified gas. The temperature fluctuation of purified gas demonstrated that the syngas flow was 
unsteady inside the catalytic reactor and hence caused the temperature fluctuation. 

 
Figure 5. Temperatures in catalytic reactor under different flow rates: (a) Syngas flow rate 
20 Nm3/h; (b) Syngas flow rate 15 Nm3/h; and (c) Syngas flow rate 10 Nm3/h. 
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Figure 5. Cont. 

 

 

The heat loss of catalyst and the unsteady gas flow disturbed the regular heat and mass transfers in 
catalytic bed and further leaded to a significant reduction of catalyst activity. Hence the tar conversion 
during the 3rd cracking process was only 92.3%. Figure 5b shows that with a reduced flow rate of 
15 Nm3/h, the gasifier output temperature rises and the input gas temperature at the reactor is 280 °C. 
During the 4th hydro cracking process, the catalyst temperature dropped from 700 °C to about 530 °C. 
The temperature of purified gas rose gradually to about 400 °C. The rising velocity of purified gas 
temperature was slower than with the 3rd tar cracking process. It meant the losses of heat and activity 
in catalyst bed were not so much as the 3rd tar cracking process. The syngas flow was also more stable 
hence the extent of contact the syngas and the catalyst was also much more efficient than in the 3rd 
cracking process. Therefore the tar conversion during the 4th cracking process could reach 98.6% and 
the tar concentration in purified gas was also reduced significantly to be only 67 mg/Nm3, which 
almost satisfied the IC gas engine requirements. 
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Figure 5c shows that during the 5th hydro cracking process, with a further reduced syngas flow rate 
to 10 Nm3/h, the temperature of raw gas rose to about 310 °C. Seven minutes after starting the 
hydrocracking process, the temperature of catalyst bed rose to about 715 °C and then dropped to about 
680 °C at the end. The temperature rise of catalyst bed showed that the rate of heat loss during the first 
6 min was less than the rate of heat compensation. However, the heat compensation which was 
provided by heat elements could only heat the catalyst bed to 700 °C, the further rise of 15 °C was 
caused by tar conversion reactions, since they are exothermic. Along with the tar cracking process, the 
soot formation reactions also started and hence the rate of heat compensation was reduced. After seven 
minutes, the rate of heat compensation became less than the rate of heat loss, and the temperature of 
the catalyst bed inevitably decreased.  

During the 5th purification process the temperature of purified gas rose gradually to about 330 °C 
which was only 20 °C higher than the raw gas. The heat loss caused by gas flow was further reduced 
and the operating temperature of catalyst was maintained. Therefore during the 5th cracking process a 
99.3% tar conversion could be achieved and the tar concentration in the purified syngas was only 
29 mg/Nm3, which already satisfied the technical requirements of IC gas engines. The last experiment 
had achieved the aim of this work: the overall tar (the fractions of D06–D23) concentration was 
reduced to less than 50 mg/Nm3. 

The D01–D05 fractions in purified syngas could be utilized and increase the calorific value of 
syngas. The approximate HCV from D01 to D05 are: 47.9 kJ/g, 47.7 kJ/g, 47.56 kJ/g, 47.29 kJ/g and 
47.23 kJ/g [13]. Hence from the third, fourth and fifth experiments, the increases of HCV were:  
138.57 kJ/Nm3, 153.47 kJ/Nm3 and 123.15 kJ/Nm3. The average calorific value of purified syngas was 
about 3.6 MJ/Nm3, hence after the tar purification the quality of syngas were increased 3.4–4.3%. 

6. Conclusions 

Syngas from woody biomass can be enhanced for utilization in IC gas engines with gas purification 
using hydrocracking technology. As shown in this paper the requirement for tar concentrations of less  
50 mg/Nm3 can be achieved by catalytic hydrocracking based on palladium doped steel turnings. 
Experiments show the important role of an accurate design and operation strategy. Catalytic 
temperature and syngas flow rate are the most important factors which directly determine the effect of 
tar conversion. At an appropriate catalytic temperature, the effect of tar conversion is intensively 
affected by syngas flow rates. With this technology the interfering tarry components in syngas can be 
removed and converted into short-chain hydrocarbons, thus increasing the heat value of syngas. This 
kind of tar purification process can be operated continuously by connecting in parallel more 
hydrocracking reactors. 
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